+ ions. The induced EFG is greater for the present bromine complex than that for the isostructural chlorine complex. A point charge model calculation explains well the relative magnitude of the EFG in the two crystals by introducing Sternheimer's antishielding factors for the halogen ions.
Introduction
Crystals of trans-dibromobis(ethylenediamine)cobalt(III)diaquahydrogen bromide belong to the space group, Y*2Jc and consists of three units of ions, trans-[CoBr 2 [2, 3] . Recently, neutron diffraction experiments have been carried out about the chlorine complex including the determination of the protonic position in the crystal [4, 5] .
Hartmann et al. were the first to investigate the 59 Co and halogen NQR in trans-[CoX 2 (en) 2 ][H 5 0 2 ]X 2 (X = C1, Br) [6] [7] [8] . They discussed the nature of the metal-ligand halogen bonds especially for the chlorine complex [7] and gave in the next paper a 35 C1 NQR frequency of 2.843 MHz and the asymmetry parameter rj = 0.904 at room temperature for the uncoordinated CP ions [8] . Brill [12] . The dynamic behavior of the ions in these crystals has also been investigated in the relation to the disappearance of 59 Co and 35 CI NQR lines at low temperatures [13, 14] Figure 2 . Upon cooling from room temperature, the frequency increased monotonously showing a fairly large temperature coefficient. The line shape remained almost unchanged down to ca. 190 K. However, it became gradually stronger below this temperature, keeping the line width almost constant. With further cooling the intensity of the line began to decrease markedly at ca. 130 K and finally disappeared at 121 K. Temperature dependencies of the 59 Co NQR frequencies v A (7/2-5/2), v 2 (5/2-3/2) were observed in good agreement with those already reported [11] , With decreasing temperature two lines became gradually broad and weak. The lines Vj and v 2 disappeared at 157 and 177 K, respectively.
Discussion
Crystals of rrawf-[CoCl 2 (en) 2 ][H 5 0 2 ]Cl 2 belong to the monoclinic system, P2 1 /c, Z = 2, and a = 10.682, b = 7.883, c = 9.075 Ä, ß = 110.59° at room temperature [2] [3] [4] [5] . The atomic arrangement studied by neutron diffraction [4, 5] is shown in Figure 3 [1] . It is therefore reasonable to assume that there is a strong resemblance of the proton surroundings around the halogen ions between the two complexes, however the cell is slightly larger for the bromine complex.
As shown in Fig. 1 , the 79 Br NQR line is very broad and the width appears to reach almost ca. 10 kHz. The large line width is, however, not attributable only to the lattice defects which cause the inhomogeneity in the EFG, because the 59 Co NQR line which arises from the same sample is sharp enough. The phenomenon can be considered to have its origin in the local magnetic field at the 79 Br~ nuclei, which is induced by the surrounding protons. The local field produced by a proton at a distance r is given by H loc = n/r 3 [5] . These lengths belong to the group of rather short distances in the present type of hydrogen bond systems [16] .
The reported 35 C1 NQR frequency for the uncoordinated CP ions in the chlorine complex is 2.843 MHz at room temperature [8] . The corresponding 79 Br NQR frequency in the bromine complex is 19.594 MHz and the ratio of the frequencies divided by the respective nuclear quadrupole moments to 0.61. On assuming equal values of rj for the halogen nuclei in the respective crystals, the ratio can be interpreted as an experimentally obtained relative magnitude of EFG at the nuclei. As earlier metioned, the shortest H--CP and H • • • BP distances are 2.01 and 2.25 Ä, respectively. The field gradient produced by a point charge at a distance r depends inversely on r 3 . If one disregards the effect of the closed electron shells on the EFG, the value 2.01" 3 /2.25 " 3 = 1.40 can be interpreted as the ratio of the EFG's at the CP and Br -nuclei produced by the nearest proton in each crystal. In ionic crystals, the EFG at the nucleus is seriously affected by the distortions of the electron shells. By introducing Sternheimer's antishielding factors as 56.6 for CP and 123.0 for BP ions [17] , the above mentioned ratio 1.40 reduces to 0.65, which shows a remarkable agreement with the observed EFG ratio, 0.61.
A charge of + 0.25 on the terminal O-H proton considered above produces an EFG at the uncoordinated CP nucleus of eq = 0.2976 x 10 14 esu cm -3 . This value is much smaller than the experimental value eq exp = 8.812 x 10 14 esu cnP 3 . If the Sternheimer's antishielding factor for CP is introduced, the indued EFG gives rise to a value of (1 - 3 . The results of the calculation indicate that the principal axis of the EFG reasonably points to the O-H terminal proton situated at the shortest distance of 2.007 Ä from the CI" ion.
